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Notes on Xerophytic Ferns* 

F. L. Pickett 

The material given in the following paper has been 
collected through some seventeen vears of work with 


various xerophytic ferns. There is in this presentation 
very little that is aetuallx’ new. It is rather an attempt 
to bring together related information collected through 
this period- of years and to add to that some final find- 
lug-s and general considerations. 

most students of ferns, the prothallia have been 
thought of as very delicate structures readilv succumb- 
to drought, extremes of temperatures and other 

unsatisfactory conditions. Before 1912 very little work 

indeed had been done on the ability’ of fern prothallia to 
sunive periods of water shortage or actual desiccation. 
Before tliat time some German students had publishe*! 
papers dealing with the abilitv of certain mosses to live 


through Ion 


tr 


periods with a reduced water supply- 


Papers had also been published describing the ability ot 
certain moss and fern spores to live through periods of 
se\eral years in normallv drv atmosphere. It was also 
"ell known that seeds and some other structures of 
hijrher plants could revive and continue growth and 
*5thei activities after several years of dry storage. It is 
true that Goebel had described before the above date 

Contribution Xo. 31 from the Botanv Department of the State 
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special tuberous outgrowths produced by the prothal¬ 
lium of Anogramme chaerophyUa which "when covered 
Avith soil miglit survive dry seasons and continue growth 
Avhen conditions became favorable. Campbell had also 
called attention to the surviA^al through extended periods 

m 

of drought of the prothallia of Gymnogramme triangu- 
laris ill the neighborhood of Stanford, California. He 
also had recorded the fact that a culture of these fern 
plants had survived exposure to dry air in the labora- 
torv all summer. No studi* had been undertaken, how- 
ever, to determine how long prothallia might liA^e under 
such conditions or to find what changes ivould result 
from such treatment. 


In 1912 while the writer was making a careful study 
of the life history of the little AValking Fern, Campto- 
sorus rhhophylhis, he found that the prothallia of this 
plant were to an unexpected degree able to withstand 
exposure to desiccating conditions. A further study of 
tliis particular plant and of the Ebony Spleeiiwort, 
AspJeniiim platyneuron, brought out this peculiar char- 
acteristie even more definitelv. It Avas found that these 
protliallia AA'ere able to surAUA'e exposure to repeated 
periods of three or four AA'eeks of .such drought as may 
occur under natural conditions. 

In 1920—1923 .similar though more exteu.sive studies 
were made of the prothallia of Clieilanthes gi'acHUtna. a 
small fern found groAA'ing oA'er a Avide area of Washing¬ 
ton, but limited rather closely to exposed rocky regions. 
Spore cultures of this fern Avere groAAii and after some 
of the prothallia had reached maturity AAere exposed to 
conditions of desiccation. Some were exposed to the 
dry air of the laboratorA'. Portions of other cultures 
Avere placed in de.siceators oati* anliA'drous calcium chlo¬ 


ride and over anhydrous phosphoric acid. Plants 
e.xpo.sed to the normal dry atmosphere of the laboratory 
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from April 1, 1022, to September 21, 1922 (nearly 
sixteen weeks), showed almost 100 per cent recovery. 
Plants which had been exposed to the dry air of the 
laboratory for six months and then placed in desiccators, 
fis indicated above, for thirteen Aveeks showed almost 
complete recovery after the application of water. In 
these cases final survival was proven by placing the cul¬ 
tures or portions of cultures under proper growth con¬ 
ditions and determining the percentage of suiwiA'al after 
the plants had ample time to continue normal growth. 

In 1924 and 1925 similar studies were made on two 
forms of Purple Clifi; Brake, Pellaea atvopuvpurea and 
f^Uaea glabella. Cultures of tlie-se plants remained air 
thy in the laboratory from June 5, 1924. to iNIarch 24, 
1925. a period of nine months and twenty days, 
pi’othallia were mature, .some of them showing young 
sporophytes'. After the application of Avater to these 
cultures fully .seA'enty-fiAT per cent of the |)lants shoAved 
recovery and normal groAvth. After eighteen and a 

half months of 


The 



ion a considerable 



of 


''hole plants recovered and small active areas Avere found 

A further experiment Avas in jirogress 


>0 many others. 


At 


at the time the report of this Avork A\'a.s published, 
this time the final results of that experiment Avill bo 
?tven. One culture in a six-inch clay saucer had been 
allowed to become air dry in the greenhouse and then 
placed in a dark but dry and aa'cH A’entilated cu]>board. 

June 18. 1929. exactlA* fiA'e A*ears later, this culture 

% • 

'^a.s removed and aaus put under satisfactory conditions 
foi groAvth. It at once became eA’ident that most of the 
plants AA’ere dead. IIoweA'er. a considerable number, 
P'-ihaps five per cent of the total, showed either complete 
leeovery as indi\’iduals or shoAved masses of liA’ing cells. 

A series of experiments A\'as carrie<l on to determine 
^he exact amount of AA'ater. if anA\ remaining in 
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plants after long periods of desiccation. Small portions 
of soil covered with the dry prothallia were removed 
from cultures that had remained air dry in the labora- 
torv for eleven mouths. These were very carefully 
weighed and then Avere placed in a drying oven Avith a 
temperature of from 00° to 110° C. for tiAe hours. The 
masses of material used Avere small, so small indeed that 

7 

there could be little doubt but that aiiA* residual AAater 
AAOuld be removed b\* this treatment. The actual loss 
as determined by careful AAcighing before and after this 
drying varied betAAeen four- and fiA'c-hundredths of one 
per cent of the total Aveight. Similar portions taken 
from the same cultures and put under suitable condi¬ 
tions shoAved a high percentage of survival and later 
groAA'th of the prothallia. 

In 1924 and 1925 similar experiments AAere carried out 
with prothallia of the Avestern Polypody, Polpodium 
vulgare var. occkieniale. It should be remembered that 
Avhile this fern does not jrroAv in arid regions, it does 
groAv in mats of moss on logs, stumps and sometimes high 
above the ground on branches of trees. This habitat 
exposes the plants to periods of drought each year, 
periods that may extend OA’er three months or more. 
Specimens haA*e been noted groAving on the branches of 


Quercus Garryana at the home of W. X. Suksdorf, at 
Bingen, Washington, Avhere. there is but a trace of rain¬ 
fall from May to September. 

Spores of this plant Avere groAvn in cultures that pro¬ 
duced normal mature plants in tAAelve Aveeks. The.st? 
Avere alloAA*ed to remain air dry in the laboratory from 
July 15 to October 1. After the application of water, 
there \Aas almost 100 per cent reA*ival and continueu 
groAA'th. Both prothallia and young sporophytes sur- 


viA'ed the season of drought. 
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Surely fern prothallia liave no means of preventing 


the loss of water. 


They are for the most part but one 


cell in thickness, and the cell walls show but little evi¬ 
dence of cutinization. Careful examination of desic¬ 
cated specimens shows that they have lost all water. 
The protopla.sm is hard and horny, and vacuolar cavities 
have disappeared through the total collapse of the walls. 

A very striking feature in the development of these 
xerophytic fern prothallia is their tendency toward 
vegetative propagation. While this tendency is .shown 
by all the xerophytic forms .studied, it is brought about 
by difterent methods in the ditferent species. Old pro¬ 
thallia of Camptosorus and Cheilanthes which have 
undergone long or repeated short periods of desiccation 
3nd have then been placed under favorable conditions 
for growth often show a great part of the body tissue 
dead, although the maririns show crreen and active cell 


fr j* 


oups. 


These marginal cells develop into growths in 
^'ei‘y way similar to primary prothallia. In time they 
inaj be entirely .separated through the death and decay 
^f the older ti.ssue and then continue their life and 
pOMth as independent plants. That this becomes an 
unportant factor in increasing the number of plants as 
"ell as in continuing their growth is .shown by the fact 
^bat more than a dozen such proliferations have been 

.found on a single prothallinm. In the Pellaeas the 

^^'elopnient of proliferations is chiefly brought about 
through the activity of more or le.ss completely isolated 
s'Toups of cells .scattered at random through the bodies 
prothallia that have shown iniurv at the end of 
oriods of desiccation. Only occasionally are these 
uiasses marginal except such as are located in the apical 
Sinus. The group of eight or ten cells may appear green 
id aeti\e in the central })art of a prothalliuni that is 
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otherwise dead. These cells may produce a projection 
extending directly from the surface of the old pro¬ 
thallium. This projection will develop as a normal 
prothallium or it may branch repeatedly, each branch 
developing as a normal prothallium. 

Somewhat closely related to the vegetative propaga- 
tiou just described is the development of apogamous 
embrvos bv some of these ferns. As far as the writer's 
studies have shown the two species of Pellaea mentioned 
produced sporophytes apogamously only. Normal arche- 
gonia have not been found although antheridia were 

CN* • Ca 

formed quite regularly. Apogamous embryos were 
formed freely from living tissue near the apical sinus or 
from other marginal masses of cells. It is not unusual 
to find two or more such embryos on one prothallium. 

In Asplenium platyneuron there has been found an 
extreme sensitiveness to variations in Hirlit intensity 


which also leads to the production of various prolifera¬ 
tion and subsequent vegetative propagation. With a 
slight reduction in light intensity these prothallia will 
produce greatly elongated cells, several such cellsappear¬ 
ing on the margin of an individual prothallium. ifa 
a slight increase in light intensity through a period of 
two or three days, each of these elongated cells will pro¬ 
duce at its tip a group of cells resembling in every way a 
normal young prothallium. In due time, as a matter ot 
fact, these groups do develop into normal prothallia 
Alternating periods of bright days and dull days may 
thus produce from a single spore several independent 



There is always a question as to the relation between 
siich laboratory experiments and the conditions found lO 
nature. The following data mav show that the results 
of the experimental work in this case are closely paral- 
leled bv actual findiusrs in the field. 
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Prothallia of Asplen iitni plaiifneuron and of Cam-pfo- 
sorus rh’izophylliis have been found growing in the field 
in spring and summer, the former on soil in exposed 
locations, tlie latter protected by the mats of moss wliere 
this fern is commonly found growing. The size and con¬ 
dition of these prothallia indicated clearly that they had 
grown through one full summer season at least, and that 
they had lived through the following winter, iMatnre 
prothallia of Cheihinth €S were found in abundance on 
exposed soil in such condition as to indicate without 
doubt that they had lived through at least one full sum¬ 
mer and the succeeding winter. These old prothallia 
found in the field showed in many ca.ses the prolitVra- 
tions and other peculiar vegetative growth which had 
previously been found in controlled cultures. Tliere can 
be but little doubt as to the importance of the combina¬ 
tion of the abilitv to survive desiccation and extreme 

temperature changes together with the unusual capacity 
for vegetative propagation in the pre.servation of these 

species of ferns. 

Chie very .striking feature of Chfihinth€.s f/)‘(iriUim<i 
should be mentioned in this connection. The pinnules 
of this fern are covered with a dense tomentum below. 
3nd when dry their margins are rolled inward, forming 
s compact, nearlv cvlindrical bodv. Thi.s is the normal 

€. •f 

summer condition and appearance of fronds that have 
matured in the spring. If such fronds are jilaced in a 
moist chamber, the pinnule margins unroll, and spores 
scattered in abundance. The fronds may be allowe<l 

to become alternatelv drv and moist several times in .sue- 

* • • * 

e.s.sion with the scattering of spores with (*aeli new 
moistening. That this fits into the conditions under 

"hieh the plants grow* is shown clearly by close field 

observation. The spores are matured in April or May. 
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The fronds became drv and remain so thromrh the 

€ 

Slimmer. With the cominjr of fall rains they relax and 
the spores are scattered. The alternating^ damp and dry 
days of October furnish ideal conditions for the scatter¬ 
ing of spores and for the growth of prothallia. 

It seems very probable that careful study of the de¬ 
velopment of other ferns growing in areas where extreme 
drought prevails through at least a part of the year will 
show many other .species with adaptive features similar 
to those noted above. 

This material, in praetically its present form, Avas pre¬ 
sented at the summer meeting of the Ecological Society 
of America at Eugene, Oregon. June 20, 1930. A list 
of titles of previous publications is given for the benefit 
of such as may care to know more details of the work. 
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C.AMPBELL, D. H. Resistance of Drought by Liverworts. Torreyn, 
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Pickett, F. L. Resistance of the Prothallia of Campiosorus 
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Pickett, F. L. The Development of the Prothallium of Camp^o- 
sorus rhizophylhis. The Botanical Gazette, 57: 228—238, 1914. 

Pickett, F. L. Notes on the Survival of Extreme Drought by 
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Pellaea atropurpurea 

Purple Cliff Brake suiryests to me tlie limestone ridges 

of northwestern New Jersev. On a fern hunting expe- 

%* 

dition in 1928 to the vieinitv of Newton thi.s cliff" brake 
^vas found in considerable abundance. AValking fern 
was plentiful in places and rue-spleenwort not uncom¬ 
mon, but I was chiefly interested in the cliff" brake as 
the others were already in my garden and there was a 
little limestone cliff", or rather part limestone, waiting 
for new tenants. 

Rue Spleenwoi't (Aspleniioti Rufa-niuraria} wah found 
the year before on rock ledges near Cranberry Lake. 
The ledges were not limestone and the plants were all 
small, hardly oyer an inch in length. A few Avere 
brought home and planted on the miniature cliff; they 
are still growing but are no larger than when found. 
Acar Newton Rnta-muraria was found on limestone 
locks, often in company with Purple Cliff" Brake and 
Maidenhair Spleenwort and perhaps all three would be 
ciowding each other for the same foothold. In one tiny 
cieviee was found three little fronds, one of each kind, 
•crowded together. The group Avas carefully lifted and 




